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ABSTRACT

Final Report: Novel correlation imaging and multispectral camera in the visible and infrared spectrum

Report Title

In the rapidly emerging field of coded-aperture imaging, research is underway to improve the scope and quality of images in the visible and 
the infrared. In this research one needs to integrate the system design so as to enhance the combined effect of the “lens” and the digital 
processing. In this research we are studying a new camera system employing what we call “correlation imaging”. We have adapted the X-ray 
coded aperture imaging system of Dicke (1968) and others so that it is operative in the visible and infrared, where diffraction effects need to 
be taken into account. This novel optical system includes a phase-only screen followed by a detector array. A band-limited uniformly 
redundant array diffraction pattern is formed when the phase screen is illuminated by a point source in object space. Correlation-type image 
processing is applied to recover the object. Excellent imaging results of both binary and continuous tone objects can be obtained. In this 
research program, we are also conducting a separate, but related study of speckle since it is important in the development of the phase 
screen. Also in image science there remains some fundamental question as to the possibility of imaging through a dilute turbid atmosphere 
and we are conducting research studies on this topic.
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(1) Aperture design using a uniformly redundant array:  With the completion of the first design, there are now two main issues relative to 
the topic: Aperture.  It is now possible to provide accurate computer simulation of the operation of the camera.  Secondly, we are now 
preparing separate laboratory experiments as well.  The details of aperture design are explained in Section 4 of our Optics Communications 
paper.  We start with a bandlimited version of uniformly redundant array at detector plane, and then working it backward to calculate the 
aperture function using phase retrieval algorithm.  The results in the paper indicate the effectiveness of such a designed system in optical 
imaging.  The success of the imaging results is due to perfect cyclic correlation property of the uniformly redundant array (Eq. (8) in the 
Opt. Comm. paper).  No extra noise is introduced in the correlation type processing as opposed to the original Dicke proposal (1968), which 
uses a random pattern as aperture for X-ray.

(2) Phase retrieval studies to devise a computer simulation model for the lossless aperture that replaces a conventional lens:  This software 
is set up so that specific coded correlation apertures can be design for different cameras.  Study of this topic is continuing, especially we are 
studying a phase retrieval algorithm with multiple intensity pattern constraint.

(3) Fabrication for laboratory tests of the aperture in Fig. 1 included as pdf in Attachments: (i) liquid crystal for first trials and (ii) 
fabrication using laser writing on photoresist of “refractive” elements as novel technology vs. diamond turning.  We have built a laboratory 
setup with Holoeye liquid crystal as phase screen.  The diagram of setup is shown in Fig. 3.  In this laboratory model, we use a reflective 
phase screen so a beam splitter is used to send light to the detector plane.  Our experiment shows that this new correlation imaging is a 
promising concept.  We attached a few unpublished experimental data in the report.   We also finished a design and fabrication of a new 
transmissive phase plate. Experimental results can be expected in several months.  Presently we are operating with an 8 micron liquid crystal 

device and a 13 micron detector array.  As shown in preliminary data, some artifacts appear.  We are now fully understand these artifacts, 

the major reason is due to this nonmatach of pixel sizes between liquid crystal and detector.  We expect a much better result using RPC 

component in several months.   We also studied the depth of field effect as shown in the attached slides.

(4) Color / Multi-wavelength studies:  This camera is capable of color imaging with monochrome detector, thus eliminating the need of 
Beyer's filter array and color cross talk problem.  If in the design we choose the thickness of phase screen in a way that RGB patterns at the 
detector are uncorrelated so that in digital processing, three different patterns are used for correlation processing to recover the 
corresponding RGB data.  An extremely important feature of this camera is that there is virtually no color cross talk.  We are presently 
working on a quantitative value for the cross-talk in a speckle equivalent of the coded aperture screen. We anticipate an exciting 
improvement over the present RGB Beyer’s mask and also over Carver Mead’s semiconductor stack.  Now that reduction-to-noise has been 
demonstrated literally, we have filed a patent application for the University crediting ARO-Physics support funding.

(5) Speckle theory and experiments:  As mentioned in the Abstract of this report, we have been working on some basic topics in the field of 
speckle that are related to the development of the phase screen for our novel camera.  To broaden the scope of this speckle research, we have 

set a long-term goal to establish the practicality of imaging through a turbid medium.  While excellent prior research over the past twenty 

years, particularly that of Leith and separately Alfano, has centered on rather dense media (such as chicken breast), it is our plan to start with 

very dilute turbidity where we are certain of some success. Starting with dilute diffusers, fabricated using speckle thinking, we will develop 

the digital processing.  Then we plan to increase the turbidity, quantitatively, until the image transmission is poor.  In this manner, one can 

establish practical limitations to the image quality that is attainable.

(6) We have completed the first phase of this speckle study.  The results are a PhD thesis, an OSA talk, and a forthcoming JOSA paper on 
the subject of “The Thick Diffuser.”  The theory provides accurate results for the wavelength de-correlation of speckle in propagation 
through a thick, dilute diffuser.  This diffuser consists of polystyrene spheres embedded in a gelatin.  These diffusers will be used as the 
building blocks in our later, planned imaging experiments.  This research is continuing.
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(7) Milestones and Schedule for Novel correlation imaging system: 
 
Milestones:  T = Theory / E = Experiment Start Date Duration 
1.  Concept (T) 12/2008 1 month 
2.  Math on URA; bandlimited (T) 12/2008 1 month 
3.  Phase retrieval for single intensity 
constraint 

(T) 12/2008 6 months; 
continuing 

4.  Image processing, study on detection 
noise effect 

(T) 7/2009 3 months 

5.  Experimental setup using liquid crystal 
(see figure in Attachment) 

(E) 10/2009 3 months; 
continuing 

6.  Accurate determination of distance from 
liquid crystal to detector plane 

(E) 10/2009 less than 1 month 

7.  Experimental study of monchromatic 
imaging point; letter; pattern; depth of field 

(E) 10/2010 continuing 
 

8.  Design of transmissive screen (E) 7/2010 1 month  
9.  Experiment using RPC fabricated screen (E) 11/2010 planned 3 months 
10.  2nd phase plate design and experiment (T/E) 1/2011 6 months 
11.  Specific application: Telescope (T/E) 7/2011 1 year 
12.  Field of view and depth of field study (T/E) 10/2010 continuing 
13.  Phase retrieval algorithm for multiple 
intensity constraint 

(T) 10/2010 Long term project 

14.  Color study (E) 1/2012 Planned 
15.  Design of phase plate for color imaging (T/E) 1/2013  
16.  Color experiment (E) 7/2014  
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